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Abstract

Soils at five New York sites of a nitrogen fertilization study in second-growth mixed deciduous forests were
sampled to determine the fate of applied N and possible adverse chemical changes from its application. Organic
layer and mineral soil (0-10 cm) samples were collected 10 or 11 years after the initial application from plois
receiving a total of 0, 672 and 1344 kg-N ha—!in two equal-sized applications 5 years apart. Nitrogen was applied
as ammonium nitrate, except the first application at one location was urea. Treatments had littie effect on the N
and C pools of the forest floor and surface soil, indicating no appreciable retention of added N in the upper soil.
Concentration and mass of cations in the mineral soil decreased with added N, as did pH, in accord with an
hypothesis of nitrate leaching. The estimated loss of base cations was modest (12.4 kmol( + ) ha—") relative to the
anions added in the highest single application of N (24 kmol( — ) ha~!). On such soils, N added in excess of plant
uptake capacity is not immobilized by long-term storage in soil organic matter despite its wide C:N ratio. The
reduction in pH entails a loss of effective cation exchange capacity in addition to the associated loss of base cations.

Keywords: Nitrogen: Fertilization; Second growth; Soil

1. Introduction indicate no more than 23% recovery in the first
year following treatment (Bjorkman et al.,
1967), although actual plant uptake may be
nutrients, cycling them tightly within and be- underestimated by tracer experiments. Plants on
tween soil and vegetation (Switzer and Nelson, the whole are poor competitors with soil hetero-

1972; Henderson and Harris, 1975; Ulrich, 1976; trophs for added N (Jansson, 1958). Further,

Stone and Kszystyniak, 1977). Recovery of ap- added nitrate is subject to immediate leaching
plied fertilizer N by the forest overstory, how- unless absorbed by plant roots or incorporated

ever, appears low. Tracer studies with conif nto m_icrobial tissue (Cole anq Gessel, 1965;
pp T studies wi ontiers Overrein, 1971a, b). Other studies have shown

IS . . that even when the N source is an ammonium
Contribution from the New York State Agricultural Experi- It . £I5N 1y will b 1

ment Station. Soil Crop and Atmospheric Sciences Paper No. Sail, recovery o generaily will be no greater
1751, than 50% for the ecosystem as a whole (Mead
*Corresponding author. and Pritchett, 1975a, b; Johnson, 1992). Nitro-

Forest ecosystems are considered to conserve
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gen absorbed by plants and immobilized into
microbial tissue is returned to the general pool
of soil N over the years. Except in extremely acid
soils, excess NH,-N will nitrify, increasing ni-
trate levels on fertilized plots, and thus extend-
ing the potential for leaching beyond the imme-
diate posttreatment period.

QOur studies of increasing rates of fertilizer N
applied to natural second-growth stands in New
York (Stanturf et al 1989) revealed only small

americana L.) and black cherry (Prunus sero-
tina Ehrh.) at four locations, and of sugar maple
(Acer saccharum Marsh.) at seven locations.
These results contrasted with significant growth
increases of the same species elsewhere in the
state (Mitchell and Chandler, 1939).

The lack of detectable responses raised ques-
tions about the fate of the applied N as well as
the possibility of adverse chemical changes as-
sociated with its application. A major concern
was whether addition of fertilizer N had altered
the large pool of N and C represented by the for-
est floor and surface soil OM. The possible ef-
fects may be stated as five hypotheses.

(1) The total mass of N would increase either
as a result of immobilization of added N in the
organic matter or through greater litter crop. In-
creased percentage of N in litter from fertilized
trees (Tamm, 1971; Miller et al., 1976) would
increase soil N mass. Any increase should be de-
tectable in either the organic layer or the upper
mineral soil, or the two layers combined.

(2) The OM mass of the organic layer or min-
eral soil would either increase as a result of greater
productivity and litter return, or decrease be-
cause of more rapid decomposition (Safford,
1974). If the mass of the organic layer increased
but that of the mineral soil decreased, the com-
bined total might remain unchanged.

(3) The N concentration of the organic matter
would increase (i.e. C:N decrease) as a result of
immobilization of fertilizer N. This might be in-
dependent of changes in total mass of either OM
or N but not both. Again, effects could be differ-
ent in the two soil layers.

(4) There would be no net retention of added
N in the organic layer or upper mineral soil.

(5) Random variability would be too high for
any changes to be distinguished.

If much of the added N was leached as the ni-
trate ion (a consequence of hypothesis (4)), the
content of basic cations would have decreased
and the pH lowered as has been well demon-
strated both by lysimeter studies (Raney, 1960;
Terman, 1977) and in forests (Broadfoot, 1966;
Van Miegroet and Cole, 1984).

2. Materials and methods
2.1. Experimental locations

Four of the original seven locations were cho-
sen for intensive soil sampling because they had
received the full range of application rates and
were well distributed geographically (Fig. 1). No
samples had been taken prior to fertilizer treat-
ment, thus comparisons between control and
fertilized plots 10-11 years after initial treat-
ment assume that all plots at a location were from
the same pretreatment population.

Complete descriptions of the stands are given
elsewhere (Stanturf, 1983; Stanturf and Stone,
1985; Stanturf et al., 1989). An important fea-
ture is that all stands were essentially undis-
turbed for 45 years, except for non-commercial
and some light commercial thinning. Elevations
of the stands ranged from 292 to 692 m, and av-
erage annual precipitation was from 8§90to 1151
mm.

The soils were typical of the better northern
hardwood forest sites. All were developed in gla-
cial till derived from sedimentary rocks, al-
though the Cattaraugus sites were at the south-
ern limit of glacial expansion and soils there are
considered to be developing in residuum (un-
transported parent material ). The soil series and
taxonomic classification at each of the four
follow.

Chenango: Bath silt loam, well-drained coarse-
loamy, mixed, mesic Typic Fragiochrepts. Anal-
yses of a profile from an unfertilized area (Table
1) illustrates the strong acidity and concentra-
tion of exchangeable bases in the uppermost
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GILPIN AND
RAYNE

CONNECTICUT HILL

NEW YORK

Fig. 1. Map of New York showing the study locations.

mineral layer. The other soil series do not differ
greatly in these respects {Table 2).

Connecticut Hill: Mardin silt loam, moder-
ately well-drained, coarse-loamy, mixed, mesic
Typic Fragiochrepts associated with the Bath
series.

Cayuga: Langford channery silt loam, moder-
ately well-drained fine-loamy, mixed, mesic
Aqueptic Fragiudalfs.

Cattaraugus: The experimental plots had been
established along a boundary between two slope
positions. Subsequent study by the Soil Conser-
vation Service and the senior author established
the presence of two series: Gilpin channery silt
loam on the upper slope and Rayne silt loam on
the lower. Both are fine-loamy, mixed mesic
Typic Hapludults but Gilpin is shallower to the
fractured bedrock. For convenience, plots on the
two soils are discussed as separate locations,
making a total of five experimental sites.

2.2. Experimental design
Fertilizer treatments were two applications of

N, 0, 336 and 672 kg ha—'! N, added as ammo-
nium nitrate {except that the first application at

Connecticut Hill was urea) 5 years apart, giving
total additions of 0, 672 and 1344 kg N ha~!. The
first applications were made between April and
August, the second in April and May.

At four locations, the measurement plots were
either 0.04 or 0.06 ha in area with 2.25t0 3.0 m
wide treated borders and a 3-10 m separation
between gross plots. Because the Cayuga stand
contained numerous larger trees up to 40 cm dbh,
the measurement plots were 0.16 ha in area, with
1.2 m wide treated borders and 10 m separations
between gross plots.

For the present study, soil samples were col-
lected from 26 plots, either 10 or 11 years after
the first N application. This number includes two
replications per treatment at each location plus
two extra controls at Chenango. At Cattaraugus,
one control and one 1344 kg ha~! plot occurred
on the Rayne soil, with the remaining four plots
on the Gilpin soil.

Ten subsampling points were randomly lo-
cated in each plot according to a sampling pro-
tocol designed to minimize natural variability not
associated with treatments. Treefall pits and
mounds were avoided as were rotten wood in the
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Table |
Chemical characteristics of the Bath channery silt loam profile at the Chenango location
Layer Horizon OoM N pH Ex. H Extractable
(cm) (%) (%) (mgkg™")
P K Ca Mg
(mgkg™')

3-0 0, 51 1.5 3.9

0-8 A, 42 1.2 3.6 55 28 315 850 215

8-13 A, 4 0.2 3.5 18 1 50 200 38
13=15 Bhy; H 05 3T 51 45 180 40
15-33 B, 6 0.2 4.4 43 1 20 40 8
33-48 B, 4 0.1 4.7 26 1 13 10 5
48-79 B, 2 0.1 4.9 14 1 20 10 3
Table 2
Chemical characteristics of organic layers and mineral soil of the control plots-ateachlocation
Variable Cattaruagus Cattaraugus Connecticut Chenango Cayuga

Gilpin Rayne Hill

Organic layer
OM (%) 40.5 51.3 355 51.8 21.2
N (%) 1.51 1.30 0.95 1.47 0.69
OM (Mgha~1) 25.8 27.2 27.8 32.1 34.8
N (kg ha=!) 978 696 755 898 1101
N/OMY% 3.86 2.60 2.71 2.87 344
pH 4.01 3.72 4.56 3.93 4.03
Mineral soil {0~-10cm)
OM (%) 7.8 7.3 7.9 13.3 12.5
N (%) 0.30 0.21 0.31 0.42 0.38
OM (Mgha™!) 48.9 46.0 55.7 69.4 69.5
N (kgha~1) 1889 1282 2156 2189 2132
N/OMY% 3.85 2.81 3.88 3.16 3.05
pH 4.11 3.89 4.68 4.14 4.46
Exch H (cmol kg=1) 28.2 25.6 24.2 384 29.7
Extr. P (mgkg™?') 12.6 9.4 6.2 1.3 2.1
Extr. K (mgkg™') 52 34 79 59 63
Extr. Mg (mgkg™") 14 15 53 33 57
Extr. Ca (mgkg™') 70 66 450 178 554
P (kgha™1) 7.8 5.9 4.3 0.7 1.2
K (kgha—!) 33 22 56 31 35
Mg (kgha™!) 9 10 38 17 31
Ca (kg ha~') 44 42 322 96 305
Combined soil®
OM (Mgha™') 74.6 73.2 83.5 100.5 104.3
N (Mgha~') 2.87 1.98 2.91 3.09 3.23

*Values may differ from sum of components owing to averaging and round-off error.
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forest floor, large roots, and sites of obvious
disturbance.

At each subsampling point, a 19.8 cm diame-
ter sample was taken of the surface organic layer,
defined to be the F+H++A,, horizons. Within
this sample area, five 4.5 cm diameter cores were
taken to a depth of 10 cm and composited to rep-
resent the upper mineral soil. Bulk density was
determined for each subsample as the dry weight
of soil from this known volume, corrected for
coarse fragments. Bulk density ranged from 0.49

(1965). Readily extractable Ca, Mg, K and P
were extracted using acetic acid-sodium acetate
(Morgan’s Solution ) at pH 4.8. Exchangeable H
was extracted using BaCl,-triethanolamine. The
pH of mineral soil subsamples was measured at
1:1 soil: water ratio, and a 1:10 ratio was used for
organic layer subsamples. :
All concentration data were converted to mass
per unit area, correcting for the coarse fragment
content of the mineral soil. Adding the respec-
tive masses of organic matter and N of the or-

to 0.95 Mg m~3, Thus any errors or discrepan-
cies in separating the layers do not greatly affect
the sum of the two subsamples. Most organic
layers were A;; material, with a thin F layer.
Mineral soil samples were mostly A, and upper
B horizons. Fresh litter was discarded; generally,
little was present because of its rapid incorpora-
tion into the F or A ,. A total of 520 subsamples,
260 of each depth, were taken and analyzed
individually.

2.3. Laboratory procedures

All samples were air dried. Organic layer sub-
samples were weighed and ground in a hammer-
mill. Mineral soil subsamples were crushed and
sieved to separate the smaller than 2 mm frac-
tion from the coarse fragments (>2 mm). Each
fraction was weighed; only the fine earth fraction
was analyzed.

Organic matter mass of the organic layer was
determined by loss on ignition in a muffle fur-
nace (12-24 hat 480°C), corrected for moisture
content. Organic matter percentage of the min-
eral soil was determined similarly, even though
loss of structural water results in some overesti-
mate (Ball, 1964 ). Such overestimation is small
relative to the organic content (Table 2), how-
ever, and, moreover, would not appreciably af-
fect differences between treatments at the same
location.

Total N of all (organic layer and mineral soil)
subsamples was determined by the Kjeldahl
method. The 260 mineral soil subsamples were
analyzed for cations and H* by the Department
of Agronomy Soil Testing Laboratory using
methods described by Greweling and Peech

ganic layer and mineral soil (to 10 cm) subsam-
ples gave ‘combined soil’ values.

Nitrogen was expressed as a percentage of or-
ganic matter (N/OM%), using individual sub-
sample masses of OM and N. This was used in-
stead of a C:N ratio inasmuch as the standard
factor of 1.724 overestimates organic carbon in
these materials (Lunt, 1931; Ball, 1964; How-
ard, 1965; Ranney, 1969; Schlesinger, 1977).

In order to estimate cation exchange capacity,
exchangeable cations were estimated from the
extractable values using the regression equations
developed by Stone (1975) and Young (1981)
for similar soils. Cation exchange capacity was
estimated from the sum of cations, adjusted as
above, plus exchange acidity.

2.4. Statistical analysis

Mean plot values for the 16 soil parameters
from three locations, Connecticut Hill, Chen-
ango and Cayuga, were compared by ANOVA in
a two-way classification (locations by fertilizer
level). Combining the locations allowed infer-
ences about the larger population of second-
growth stands in the ‘Southern Tier’ of New York
counties {Snedecor and Cochran, 1967). This
combined analysis excluded the two Cattaraugus
soils (Gilpin and Rayne) because of the com-
putational difficulties attendant with the result-
ing unbalanced design. At the Chenango loca-
tion, the four control plots were averaged into two
by combining the respective values for the two
higher basal area plots, and the two lower basal
area plots. Comparisons between treatment
means were made using orthogonal linear con-
trasts (Allen and Cady, 1982).
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Mean values for soil variables at the five sites,
regardless of treatment level, were compared us-
ing ANOVA and the Waller-Duncan k-ratio ¢
test. Not surprisingly, the effect of location was
significant for most soil parameters.

Soil variables were compared at the five exper-
imental sites individually (treating the two Cat-
taraugus soils separately), using ANOVA for a
completely randomized design with nested clas-
-sification (Fryer, 1966; Snedecor and Cochran,

3.2. Mineral soil and combined soil

The organic matter mass of the upper mineral
soil ranged from 46 to 70 Mg ha~!, regardless of
sites or treatment (Fig. 2(a) ). Average mass of
N in the mineral soil of the control plots was re-
markably similar at all locations, from 1889 to
2189 kg ha—! excepting the Cattaraugus-Rayne
site with only 1282 kg ha—! (Table 2). ANOVA
for the combined locations yielded no significant

1967), although these resumiﬂemmm@m&mﬁmmgwm

Direct examination of the variability in soil
properties within locations was made possible by
keeping the subsamples separate.

3. Results

3.1. Organic layer

Mean organic matter mass of the controls dif-
fered little over the five sites, ranging from 25.8
to 34.8 Mg ha—' (Table 2). Similarly, mean N
contents varied only moderately from 696 to
1101 kg ha—! (Table 2). The heavy application
of fertilizer N had no significant effect on either
organic matter or N mass. In both of the Cattar-
augus soils, however, organic matter mass in-
creased with treatment whereas N mass in-
creased in one soil and decreased in the other
(Figs. 2(a) and (b)).

Contrary to expectations, N as a percentage of
organic matter decreased significantly with
treatment (Table 3). Figure 3 reveals no consis-
tent pattern. Cattaraugus-Gilpin and Cayuga de-
creased to the 672 kg ha~! level whereas Cattar-
augus-Rayne, Connecticut Hill and Chenango
increased, with only the latter increase being sig-
nificant. Thereafter N/OM% values at all loca-
tions decreased at the 1344 kg ha—! level.

Although pH of the organic layer appeared to
decline with increasing N, this was significant
only at Connecticut Hill. At Cayuga, pH was
higher on the N-treated plots although not signif-
icantly so.

nor N percentage or mass, nor in N/OM% (Ta-
ble 3). This was also true for organic matter and
N masses of the combined soil layers (Table 3).

As was found with the organic layer, the lowest
values for organic matter mass were at the two
Cattaraugus locations, which increased with ad-
ditions of fertilizer N. Only at Connecticut Hill
did total N content increase with treatment and
then not significantly (Fig. 2(b)). Although the
mineral soil values of N/OM% appear to de-
crease with increasing additions of N fertilizer
(Fig. 3), there were no statistically significant
differences for any of the sites analyzed
individually.

Both concentration and mass of extractable K,
Mg and Ca in the mineral soil decreased with
added N (Table 3). Estimates of significant de-
creases from control plots values (Table 4) in-
dicate the reduction in extractable K, Mg and Ca
associated with the N additions to be 11%, 45%
and 54%, respectively. Deviations of individual
N-treated plots from their respective control
means are represented in Fig. 4. In accord with
the decrease in extractable cations, pH also de-
creased significantly as a result of added N (Ta-
ble 3).

Analyses of treatment effects on extractable P
are confounded by inexplicably high values at
Cattaraugus and Connecticut Hill. The range of
P values for individual subsamples at Cattarau-
gus and Connecticut Hill precludes analytical er-
ror as an explanation. In any case, suspect sam-
ples were reanalyzed with the same results.
Neither location is a known or likely spot for In-
dian fields. Surrounding farmlands were agricul-
turally abandoned from before P fertilization
came into common practice, so contamination
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Fig. 2. The effect of added N on soﬂ organic matter and N content {Mg ha™'). (a) Organic matter (OM) mass; (b) N mass.
{ Arrows indicate low values that belong with the family of curves above.)

from dust is equally unlikely. The Cattaraugus
iocation, however, is within the recorded extent
of a large passenger pigeon { Ectopistes migrato-
rius 1..) nesting in 1823 (Schorger, 1955). The
breeding colony stretched for 30 miles from the
Allegheny River northward, with an average
width of six miles. The high soil P levels might
B residual from heavy dung accumulations re-
ported in such nesting areas.

Whatever the explanation for the higher P lev-
& a1 Cattaraugus and Connecticut Hill, there
were no consistent trends with treatment. The
anotible feature is that N response of the overs-
tory could not have been limited by lack of avail-
able P in these stands.

The fifth hypothesis postulated at the begin-
ning of the study (i.e. variability too high for any
conclusion) can be dismissed. Variability was
indeed high both within and between replicate
plots but was controlled to some degree. The
coefficients of variation within location ranged
from 11 to 24% for total N mass and 12 to 24%
for organic matter mass above the 10 cm depth.

Further, no evidence supports hypotheses nos
(1) and (2), that added N altered the total con-
tents of N or organic matter within the most ac-
tive soil layers (Table 3, Figs. 2(a) and (b)).
Likewise, hypothesis no. (3), increased N/OM%,
cannot be sustained (Table 3, Fig. 3). Rather,
N/OMY% of the mineral soil tended to decrease



272 J.A. Stanturf, E.L. Stone / Forest Ecology and Management 65 (1994) 265-277

Table 3
ANOVA for soil properties from the combined locations exclusive of Cattaraugus Gilpin.and Rayne
Variable Effect® Contrast R?
Location Treatment® Linear® Quadratic®
Organic layer .
OM (%) b NS 1.12 0.95 0.79
N (%) . NS 1.16 0.52 0.88
OM MASS NS NS 0.07 -0.42 0.14
N MASS * NS 0 ~1.73 0.49
—N/OM% * 5.44* ~0.97 -3.15% 0.73
pH * NS —0.32 0.22 043
Mineral soil
OM (%) o NS 0.21 1.18 0.77
N (%) * NS 0.02 1.05 0.44
OM (MASS) NS NS 0.39 0.77 0.13
N (MASS) NS NS 0.15 0.63 0.36
N/OM% > NS -0.91 0.13 0.91
pH * 7.76* —-3.91 0.50 0.74
Exch. H (CONC) > NS 1.52 1.16 0.83
Extr. P (CONC) e NS 1.97 0.12 0.91
Extr. K (CONC) * 3.76 —2.63* 0.77 0.56
Extr. Mg (CONC.) NS 10.36* —4.44* 1.02 0.68
Extr. Ca (CONC.) * 3.85* ~2.77* 0.20 0.59
P (MASS) e NS 2.08 —0.75 0.94
K (MASS) > NS -1.90 -0.29 0.85
Mg (MASS) > 9.76** —4.35% 0.77 0.74
Ca (MASS) o 4.18* ~2.89* 0.13 0.64
Combined soil
OM (MASS) NS NS 0.34 0.47 0.21
N (MASS) NS NS 0.16 -~0.40 0.08

2Significant at P=0.05 level (*) or P=0.01 level (**).
F values with (2,13) df.

¢t values with 13 df.

MASS, Mass ha~!; CONC., concentration, as in Table 2.

with treatment, although the change was not sta-
tistically significant.

With variability accounting for less than 25%
of N applied at the 1344 kg ha~—' rate, hypothesis
no. (4), no net retention of added N in the upper
soil, is most nearly sustained.

4. Discussion
The five sites analyzed do not differ greatly in

any measured property. The total masses of or-
ganic matter and N above the 10 cm depth range

from 75 to 105 Mg ha—', and from 2.8 to 3.35
Mg ha~!, respectively. The forest stands at these
locations, while differing somewhat in species
composition, were typical northern hardwoods of
comparable size and diameter distribution (21-
63 cm dbh). Essentially undisturbed for 45 years
prior to treatment, organic matter and N returns
in litter were probably similar and relatively sta-
ble (Miller, 1981).

The Cattaraugus-Rayne site had the lowest
mineral soil organic matter content and lowest
N/OMbY% of the five sites, and was the only one
that appeared to accumulate N as a result of
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tion of added N in the upper soil rejected, and
variability accounting for less than 25% of the
1344 kg ha~! total application of N, an evident
question is the fate of the remainder. Some frac-
tion may be sequestered by the stand biomass al-
though this is not apparent in either organic layer
composition (Table 3) or growth response
(Stanturf and Stone, 1985; Stanturfet al., 1989).

Loss through volatilization of NH; from these
strongly acid soils (Tables 1 and 2) seems im-
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treatment. Charred chestnut (Castenea dentata
{Marsh.) Borkh.) stumps in the plots indicate
that this site was burned by wildfire, before the
origin of the present stand. A case can be made
that the better drained Rayne soil supported a
hotter fire in a dry auiumn than occurred on the
associated Cattaraugus-Gilpin soil, and so lost
more of its N pool.

Aber et al. (1993) studied N-additions to
northern hardwoods and attributed high N-re-
tention capacity in their stands to sequestration
in 501l organic matter. Many of the stands at the
Harvard Forest (Massachusetts) where they
worked developed on old fields or pasture and
likely were more N-limited than our stands.

With hypotheses of significant immobiliza-

probable except following the initial one apph
cation of urea at the Connecticut Hill site. Im-
mobilization below the 10 cm depth of mineral
soil following leaching or other transfer from the
surface must be admitted as a possibility, al-
though unconvincing in view of the unaltered N/
OMY% in the surface soil.

Denitrification offers an obvious loss pathway
notably during the periodic occurrence of satu-
rated soil or perched water tables above the fra-
gipans characteristic of these soils (Fritton and
Olson, 1972). Robertson and Tiedje (1984) re-
ported denitrification rates from 2 to 12 kg-N
ha~! month~! in certain hardwood stands in
Michigan. The accepted value for this difficult-
to-measure flux is generally less than 1 kg ha™'
year™! in undisturbed stands (Gundersen,
1991).

Whether or not followed by dentrification, ni-
trification of NH, and nitrate leaching emerge as
the most likely fates of N added in excess of plant
uptake. Several studies have shown rapid move-
ment of NH, and NO; through the forest floor
following fertilization, though without much
leaching beyond the rooting zone (Cole and
Gessel, 1965; Overrein, 1971a, b; 1972; Mead
and Pritchett, 1975a, b), presumably resulting
from uptake by plants and microbes. The effec-
tiveness of nitrification even in strongly acid for-
est soils has been well demonstrated (Bollen and
Lu, 1968; Likens et al., 1977). Nitrification
would be favored by the elevated NH, levels fol-
lowing application of ammonium nitrate (Wol-
lum and Davey, 1975).

Fertilizer trials and studies with N-fixing spe-
cies have shown elevated nitrate levels in soil so-
lution (Van Miegroet and Cole, 1984; Johnson
and Todd, 1988; Tschaplinski et al., 1991) and
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leaching of cations. Johnson (1992) concluded
that single applications of large doses of fertilizer
to N-deficient ecosystems would cause less ni-
trate leaching than frequent small inputs, such as
from pollutant loading, because the latter more
likely would favor the build-up of nitrifier
populations.

Lowered concentrations and masses of ex-
tractable K, Mg and Ca in the N-treated plots
concur with the hypothesis of nitrate leaching.
Although the effect of treatment on pH of the
forest floor was not consistent, pH of the mineral
soil declined significantly with added N, further
supporting the leaching hypothesis. Broadfoot
(1966) noted that exchangeable K content de-
creased with annual applications of N to a young

bottomland hardwood stand on a Sharkey clay
soil. Van Miegroet and Cole (1984 ) reported that
leaching was selective, with Ca being the major
cation lost, followed by Mg and K, even though
proportionally more Mg than K was leached rel-
ative to their exchangeable pools. We also found
such selectivity, with 45% of the extractable Mg
pool leached, as compared with 10% of the K pool
(Table 4).

The estimated loss of base cations was modest
relative to the amount of N added. The highest
single application of N (672 kg ha—') provided
far more anions (24 kmol(—) ha~!') than
needed to balance the estimated mean loss of base
cations, 12.4 kmol(+) ha~!. Initial loss of base
cations from the forest floor, and possibly from
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Table 4

Estimates of significant differences from mean control plot
values of mineral soil (0-10 cm) characteristics resulting from
treatments: based on analysis of the combined locations ex-
clusive of Cattaraugus Gilpin and Rayne

ties. In the present instance, however, neither
species composition nor organic content of the
upper soil was affected by treatment. Hence the
lowered pH is attributable to the loss of base cat-
ions through nitrate leaching.

Most of the cation exchange capacity of the
forest floor and upper mineral soil is pH depen-
dent (Kalisz and Stone, 1980) thus the reduc-
tion in pH entails a loss in effective cation reten-
tion in addition to the associated loss of base

Variable Control  Estimate?® Standard
mean error

pH 4.4 —-0.4 0.09

Extr, P (mpkg™") 3.2 1.2 0.62

Extr. K (mgkg™") 62.9 —6.3 2.39

Extr. Ca (mgkg™!) 394.2 —209.6 75.70

P(kgha ') 2.0 0.9 0.42

K (kgpha ") 37.6 -39 2.03

Mg (kgha™') 28.7 —13.0 3.00

Ca(kgha™') 241 —129 44.70

*Negative estimates are that amount less than control plot
mean; positive estimates are that amount greater.

the mincral soil, may have been appreciably
higher than these estimates indicate. Return of
basc cations in litter over 5-10 year periods
would have compensated somewhat for leaching
losses, although no more than about 3 kmol(+)
ha~' year~', exclusive of K circulation (Chan-
dler, 1941; Stone, 1975).

Since the mineral soil was sampled only to a
depth of 10 c¢m it is quite possible that cation
leaching continued to greater depths. Alterna-
tively, ammonium nitrate in solution could have
been carried in root channels, through the 0-10
cm layer, to react below. If this occurred, it would
not have been uniform; both surface microrelief
and the hand distribution of fertilizer would have
introduced considerable variability. Both possi-
bilities suggest that losses from the surface 10 cm
probably underestimated total loss. If denitrifi-
cation occurred at depth, however, the base cat-
jons leached from the upper horizons could have
been retained in the landscape, if not within the
profile from which they came.

Although the effect of N additions on the pH
of the surface organic layer was not consistent,
pH of the mineral soil declined significantly
{Table 4). Binkley and Sollins (1990) have
demonstrated that soil pH may vary without
concomitant changes in base cation content when
different species lead to different active acidi-

tity of base cations in the upper mineral soil, the
greater the amount lost. At the Cattaraugus sites,
however, the quantities in the controls were so
low that detection of losses through field sam-
pling was unlikely.

5. Conclusion

The ultimate fate of the added fertilizer N can-
not be ascertained. It is not in the forest floor or
upper mineral soil (0-10 cm), however, nor in
the trees. It seems clear that on such soils, N
added in excess of plant uptake capacity is not
immobilized by long-term storage in soil organic
matter despite the wide C:N ratio.

Inasmuch as the five experimental sites repre-
sent widespread soil types and stand conditions,
different application dates, and a relatively large
geographical range in southern New York, the
results should be widely applicable there.
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